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1
Introduction
In this contribution, we discuss about the co-channel interference mitigation among femtocells whose locations are close to each other.  In previous meetings, schemes of interference mitigation between the Macrocell and the femtocell had been extensively proposed. Among these schemes, following solutions had been considered: (i) There could be certain time domain radio resources shifts between the Macrocell and femtocells [1].  (ii) There could be certain PRB separations between the Macrocell and femtocells [2]. (iii) Femtocells may performance certain channel measurement operations to identify PRBs not occupied by the Maceocell and Femtocells only utilize these unoccupied PRBs [3][4]. (iv) There could be certain power controls in Femtocells to alleviate interference to Macrocell UE (MUE) located in the femtocell coverage [5]. By adapting schemes of (i) to (iii), femtocells could identify or be given a pool of PRBs which do not invoke interference to and from the Macrocell. When this pool of PRBs is common to femtocells and these femtocells locate nearby with each other (co-located femtocells), multiple co-located femtocells may utilize the same PRB and interference occurs. As a result, how to mitigate interference among co-located femtocell emerges as a critical challenge.
In light of [6], it is known that there is no direct interface (e.g., X2) among femtocells. As a result, there may be no coordination among co-located femtocells preventing multiple co-located femtocells utilizing the same PRB. Due to this limitation, an effective solution is that each co-located femtocell selects a group to join in and each group adopt a hash function that randomizes the PRBs selection among the pool of PRBs. The randomization of the PRBs selection among different group can decrease the number of PRBs simultaneously utilized by more than one co-located femtocells. Such a solution is referred as the grouping based solution. However, the major factor impacting the performance of the grouping based solution is the number of PRBs in the pool that can be utilized by each co-located femtocell. The number of PRBs needed by a co-located femtocell depends on the upper layer traffic demands. Due to the lack of the direct interface among femtocells, a co-located femtocell can not inform the traffic demand to other co-located femtocells. As a result, the critical issue encountered by a co-located femtocell is that whether a co-located femtocell should utilize as many PRBs as it needs based on the traffic demand, or the co-located femtocell should determine the number of PRBs that can be utilized through taking into the consideration of the number of potential co-located femtocells.
In this contribution, we analyze the performance of the grouping based interference mitigation scheme by considering two strategies. (i) Each co-located femtocell utilizes as many PRBs as it needed according to the traffic demand. This strategy is referred as aggressive access. (ii) Each co-located femtocell equally shares the pool of PRBs. That is, if there are M PRBs in the pool of a subframe and there are S co-located femtocells, each co-located femtocell can utilize 
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 PRBs. This strategy is referred as equal sharing. By comparing the performances of these two strategies, discussions of corresponding standard impacts are also provided.
2 Discussion
2.1 Performance analysis
In this discussion, we analyze the performances of the grouping based interference mitigation scheme by adopting the femtocell deployment scenario in TR 36.814 [10]. As depicted in Fig. 1, a building located within the coverage of the Macrocell is considered. In the building, there are two stripes of apartments and each stripe comprises 20 apartments. There is one co-located femtocell in each apartment and all co-located femtocell share a common pool of PRBs that does not suffer interference from the Macrocell nor induce interference to the Macrocell. In this analysis, two demand patterns are considered in co-located femtocells.
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Uniform (U): Considering the support of variable-bit-rate traffic, the number of PRBs required by a co-located femtocell may vary in each subframe. To generally capture the number of required PRBs, it is considered that the number of required PRBs in each subframe is uniformly distributed over 1 to M PRBs, where M is the number of PRBs in the PRBs pool.

· Burst (B): To model the demand of the constant-bit-rate traffic with a burst arrival, the ON-OFF fluid model is adopted to generate such traffic. The means of the exponentially distributed holding times in “ON” and “OFF” states are 1s and 19s, respectively. The numbers of required PRBs in “ON” and “OFF” states are M and 1, respectively.
It can be known that the uniform demand is with a higher traffic load and the burst is with a lower traffic load. With the traffic demands, each co-located femtocell randomizes the PRBs selection among the PRBs pool. In this simulation, the femtocell active ratio is set to 0.125. That is, there are 5 active co-located femtocells among 40 co-located femtocells. Parameters for this simulation are detailed in Appendix A. 
Fig. 2 shows the average total throughput of 5 co-located femtocells adopting the aggressive access strategy and the equal sharing strategy. In Fig. 2, higher traffic load scenarios are considered. That is, 5 co-located femtocells are all with the uniform demand (5U), 4 co-located femtocells are with the uniform demand while one co-located femtocell is with the burst demand (4U1B), and 3 co-located femtocells are with the uniform demand while 2 co-located femtocells are with the burst demand (3U2B). From Fig. 2, we can observe following.
1. Co-located femtocells adopting the equal sharing strategy can reach a higher throughput. 
2. Since this is the high traffic load scenario, it reveals that adopting the equal sharing strategy resulting in a smaller number of “collisions” of PRBs among co-located femtocells.
These results reveal that the aggressive access strategy may result in a large number of PRB collisions. Such PRB collisions not only waste radio resources but also waste power that is very limited in UEs. 
Fig. 3 shows the average total throughput of 5 co-located femtocells with lower traffic loads (that is, 2U3B, 1U4B and 5B are considered). From Fig. 3, we can observe following.

1. When the number of PRBs in the pool increases, the aggressive access strategy can achieve a higher average total throughput.

2. Since this is the low traffic load scenario, it reveals that the radio resources are under-utilized when the equal sharing strategy is adopted. 
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2.2 Discussions
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From this analysis, it is known that none of these two strategies can dominate another one in general cases. The adoption of these two strategies thus depends on the timing constraint of upper layer traffic. If the upper layer traffic is with a tight timing constraint, the aggressive access strategy is suggested. On the other hand, if the upper layer traffic is with a loose timing constraint, the equal sharing may be adopted.
3
Considerations on Adopting the Equal Sharing
One major concern to enable the equal sharing strategy is that each co-located femtocell needs to identify the number of other co-located femtocells. However, there is still one issue. That is, the number of co-located femtocells should be known from the aspect of the HeNB or from the aspect of the femtocell UE (HUE). We thus analyze the received power from other HeNBs to an arbitrary HeNB and an UE within the same femtocell. 
It can be observed from Fig. 4 that the received power from other HeNBs in the UE is around the same level of that in the HeNB, which means that there are no significant differences in selecting the UE and the HeNB to identify the number of co-located femtocells. 
Observation 1: There are no significant differences in selecting the UE and the HeNB to identify the number of co-located femtocells.

To identify the number of co-located femtocells, one scheme is to identify the cell IDs of other co-located femtocells. 

Proposal 1: The HeNB shall be able to identify the number of surrounding co-located femtocells by listening to synchronization signals and BCH to identify the cell ID of surrounding co-located femtocells. 
Proposal 2: Optionally, the HeNB could also use the report from HUEs to identify the number of surrounding co-located femtocells.
As a matter of fact, similar schemes have been adopted in [7], TR 36.922 [8] and TR 36.921 [9] and we propose to include Proposal 1 as a measurement ability for the HeNB in TS 36.214. 
4
Conclusion
The grouping based interference mitigation scheme randomizing the selection of PRBs in each co-located femtocell can be an effective solution on mitigating co-channel interference among co-located femtocells under the limitation that there is no direct interface among co-located femtocells. In this contribution, we analyze the performances of two strategies, aggressive access and equal sharing, of the grouping based interference mitigation scheme. From simulation results provided in this contribution, we summarize our observations and suggestions in the following.

1. None of these two strategies can dominate another one in general cases.

2. In the heavy traffic load scenario, the equal sharing can achieve a higher average total throughput since the adoption of the aggressive access results in a large number of PRB collisions.
3. In the light traffic load scenario, the aggressive access can achieve a higher average total throughput since the adoption of the equal sharing may result in an under-utilization of radio resources.

4. If the traffic demand of a co-located femtocell is with a tight timing constraint, it is proposed to adopt the aggressive access. On the other hand, if the traffic demand of a co-located femtocell is with a loose timing constraint in the HUE, it is proposed to adopt the equal sharing.

5. When adopting the equal sharing, there are no significant differences in selecting the UE and the HeNB to identify the number of co-located femtocells.
In this paper, we thus ask RAN1 to discuss and agree on following two proposals.

Proposal 1: The HeNB shall be able to identify the number of surrounding co-located femtocells by listening to synchronization signals and BCH to identify the cell ID of surrounding co-located femtocells. We propose to include this proposal as a measurement ability for the HeNB in TS 36.214.
Proposal 2: Optionally, the HeNB could also use the report from HUEs to identify the number of surrounding co-located femtocells. 
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Appendix

Table 1: Simulation parameters

	Simulation Parameter
	Description/Value

	Carrier frequency
	2 GHz

	Transmission bandwidth
	10 MHz

	Number of Macrocell
	1 Macrocell with 3 sectors

	HeNB deployment model
	One building with two stripes and each stripe comprises of 20 apartments. There is one floor in the building and each apartment has one HeNB serving HUEs.

	Maximum HeNB transmit power
	20 dBm

	Maximum eNB transmit power
	46 dBm

	Number of HUE
	20 HUEs/femtocell

	HeNB access 
	Closed Subscriber Group (CSG)

	HeNB active ratio
	12.5%

	Penetration loss
	See Table A.2.1.1.2-8 in [10].

	Path loss
	See Table A.2.1.1.2-8 in [10].

	Lognormal shadowing standard deviation
	4dB for link between HeNB and HUE.
8dB for other links.

	Min. distance between eNB and HeNB
	75 meters

	Antenna pattern (HeNB)
	Omni-directional with 5 dB antenna gain

	Antenna pattern (Macro. eNB)
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 with 14 dB antenna gain.
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 = 70 degrees, Am = 25 dB.

	Number of PRBs in the pool for co-located femtocells
	20 in maximal.
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Fig. 1: The considered scenario. There is one 1 building per sector in the Macrocell. There are two stripes per building and each stripe comprises of 20 apartments. There are one HeNB per apartment.
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Fig. 2: The average total throughput of active co-located femtocells with high traffic load scenarios.
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Fig. 3: The average total throughput of active co-located femtocells with low traffic load scenarios. 
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Fig. 4: CDFs of the received downlink power from other co-located HeNBs. 
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